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Ultra-Sensitive Microwave Detection of Protein Conformational Changes 

Kimberly M. Taylor and Daniel van der Weide 

The focus of our research during the grant period has been the use of dielectric spectroscopy— 

particularly the resonant properties of antennas and other structures—in the radiofrequency to gigahertz range to 

detect changes in protein conformation. Our results in the past have been successful. Between 2000 and 2001, 

we designed, built and tested planar coaxial-fed slot antennas resonant in the 1-20 GHz range. Our initial slot 

antennas were designed to be used simultaneously with UVA^IS spectroscopy. These antennas were used to 

monitor the unfolding and refolding of a small globular protein (bovine pancreatic ribonuclease) in solution. 

Dielectric "spectra" varied with temperature; "spectra" at particular temperature could be fit to a series of 

Lorentzian peaks, and the position of particular peak could be plotted versus temperature. We obtained similar 

thermodynamic parameters (midpoint temperature Tm and enthalpy AHm) from both dielectric and UVA^IS 

measurements. These experiments have been published in conference proceedings ' . A second antenna, 

designed to be used simultaneously with fluorescence anisotropy measurements, was used to measure kinetics 

and thermodynamics of the binding of P-estradiol and a fluorescent derivative (fluormone) to the ligand-binding 

domain of human estrogen receptor p. Perhaps because this antenna was resonant in a higher frequency range 

(10-20 GHz instead of 0.5-6.5 GHz), individual peaks positions varied little with temperatures, but peak 

amplitude could be used to assay changes in the protein conformation. Similar kinetic (kon for fluormone 

binding) and thermodynamic (binding constant KD for binding of both fluormone and unlabelled estradiol) 

parameters were obtained frorn the two techniques. 

More recent studies have focused on exploration of the limits of detection using the slot antenna system. 

In particular, we are interested in possible interactions between the microwave radiation and the protein. A 

1999 paper has suggested that microwave radiation may enhance both the folding and denaturation rates for 

globular proteins^ This enhancement, if present, would be reflected as changes in the thermodynamic 

parameters obtained during equilibrium unfolding/refolding experiments.     Using our bovine pancreatic 



ribonuclease (RNase A) model, we performed equilibrium unfolding/refolding experiments over a variety of 

pH, concentration and network analyzer power conditions. 

Variation of pH was intended to establish that the dielectric phenomena observed was not simply a 

function of the buffer or other experimental conditions. For acidic pH, the midpoint temperature Tm and 

unfolding enthalpy AHm decrease with decreasing pH; the slope of the dependence of enthalpy on Tm yields the 

heat capacity ACp. We intended to observe three things with these experiments: 1) the expected variation of Tm 

and AHm with pH using both UVA^IS and dielectric spectroscopies; 2) estimation of ACp from thermodynamic 

parameters at the different pH conditions. The results of these experiments are summarized in Table 1. Note 

that only the midpoint temperature is displayed. Unfolding/refolding enthalpies were much noisier, particularly 

for the VNA data. 

Table 1: Midpoint temperature for unfolding of RNase A at different pH 

pH 
Midpoint Temperature Tm (°C) 

UVA^IS alone                  UVA^IS with VNA                         VNA 

2.5 39.79 ±0.50 40.18 ±0.50 40.86 ±2.16 

3.0 46.89 ±0.50 47.65± 0.50 46.50 ±1.68 

3.5 54.84 ± 0.50 55.06 ± 0.50 52.73 ±1.32 

4.0 62.25 ± 0.50 64.01 ± 0.50 56.41 ±0.86 

4.5 63.23 ± 0.50 65.17 ±0.50 56.81 ±3.80 

5.0 63.42 ±0.50 64.21 ±0.50 61.95 ±2.58 

Similar midpoint temperatures were obtained from UVA^IS and VNA data. Generally, thermodynamic 

parameters from the VNA are similar to, but lower than, the UVA^'IS data. The heat capacity obtained from 

VNA measurements (1.239 ± 0.726 kcal mol"' K"'), though rather high in error, compares well to the value 

obtained from differential scanning calorimetry (1.454 ±0.122 kcal mol'' K"')"*. 

Variation of protein concentration had two purposes: 1) to test the limits of sensitivity of the technique; 

2) to assay whether the protein became destabilized by the microwave power at low concentrations. Midpoint 



temperatures obtained at concentrations from 19 pM to 680 ^iM are shown in Table 2.  Note that the UV/VIS 

signal became too small to detect below 8.8 jiM. 

Table 2: Variation of midpoint temperature with protein concentration (all data at pH 3.5) 

RNase A Concentration 
UVA^IS Alone 

Midpoint temperature (°C) 

UVA^IS with VNA VNA 

680 |xM 54.59 ±0.50 56.56 ±0.50 50.91 ±2.16 

78 ^iM 53.33 ±0.50 54.10 ±0.50 51.49 ±2.78 

8.8 |xM 52.84 ±1.00 53.15 ±1.00 56.09 ±1.00 

1.0 ^iM — — 49.36 ±3.32 

110 nM — — 54.09 ±1.83 

13 nM — — 53.44 ± 4.27 

1.5 nM — — 46.66 ± 3.68 

170 pM — — 54.78 ±2.01 

19 pM — — 49.04 ± 5.01 

Average 53.59 ±1.00 54.60 ±1.76 51.76 ±3.08 

Midpoint temperature detected using the VNA, although considerably higher in error than the data from 

UV/VIS spectroscopy, shows no concentration-dependent decrease. The average Tm obtained from VNA 

measurements over all concentrations compares well with the T^ obtained from earlier measurements at the 

same pH. 

Note that thermodynamic parameters could be obtained at concentration as low as 19 pM (equivalent to 

approximately 0.3 ng/mL). UVA^TS and circular dichroism spectroscopy measurements on this protein can only 

be obtained to approximately 120 i^g/mL (equal to 9 mM for this protein). The only common technique that can 

be used to obtain thermodynamic data at similar concentrations is fluorescence spectroscopy; published reports 

have used concentrations as low as 10 ng/mL (0.8 nM)^. Our technique is usable over a wider concentration 

range than any almost other known biophysical technique. 

A series of refolding/unfolding experiments at constant RNase A concentration and buffer conditions, 

but varying power network analyzer power levels, were also obtained.    These experiments indicated that 



thermodynamic parameters do not vary with power level, although the data gets increasing noisy at low power. 

This result confirms that the protein is not stabilized or destabilized by the presence of microwave power. 

Results from these three series of experiments will be presented at the June 2004 International 

Microwave Society Meeting in Ft. Worth, TX. In addition, we applied for a patent for our antenna system in 

2001''; it is currently in the process of final approval. 

Future experiments will refine the antenna design and explore additional aspects of protein 

conformational change. New antennas have been designed and etched and are currently being tested; we have 

improved the quality factor Q and greatly reduced the S/N ratio of data. We have also designed and are 

currently testing a VNA-only system for titration experiments; this system can be used to measured chemical 

denaturation or ligand binding events. 
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Figure 1: Representative return loss spectra for 78 |j,M RNase A at pH 3.5. From bottom to top, the 
temperatures are 19.78, 39.55, 59.30 and 78.96 °C. 
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Figure 2: Variation in peak position vs. temperature for a selected peak. Protein concentration and pH are the 
same as in figure 1. Error bars indicate the uncertainty in peak position from the fit of the return loss spectrum 
to Lorentzians. 
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Figure 3: Analysis of peak positions from Figure 2 (solid symbols) and UVA^IS absorbance data (open 
symbols). Thermodynamic parameters from the peak position data were Tm equals 51.38 ± 1.37°C and AHm 
equal to 47.67 ± 5.83 kcal/mol. For the UVA^IS data, Tm was 53.44 ± 0.60 °C and AHm was 67.35 ± 3.00 
kcal/mol. 
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